
The SpaFLEX project aims to develop and implement the Spanish Calibration

and Validation (Cal/Val) plan for the ESA FLuorescence EXplorer (FLEX) mission

([2]). This plan will standardize Cal/Val protocols, establish a coordinated network

of Cal/Val sites across the Spanish territory and estimate uncertainty budgets for

Level-2 products. In this project, an analysis of CFL atmospheric correction has

been performed in order to improve the Bottom Of Atmosphere (BOA) reflectance.

The atmospheric correction of high resolution spectrometers is a challenging task

but essential to obtain accurate SIF measurements.

A ground-based and airborne campaign was carried out in July 2020 to

evaluate the Spanish Cal/Val protocols for the future FLEX mission in an

experimental agricultural site at Barrax (Spain). Airborne data were acquired with

CFL and some simultaneous top of canopy measurements were collected in situ

with an ASD FieldSpec3 spectroradiometer. In this study, CFL data are
atmospherically corrected and the accuracy of the BOA reflectance and its

sensitivity to the inversion model and to the spectral characterization is assessed.
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This work is conducted in the framework of the following Spanish Science and Inovation Ministry projects: FLEXL3L4

(RTI2018-098651-B-C51), CalValFLEX (RTI2018-098651-B-C55) and SpaFLEXImp (PID2022-137022OB-C31; PID2022-

137022OB-C32; PID2022-137022OB-C33; PCI2023-145988-2; PCI2023-145955-2; and PCI2023-146023-2).

In order to perform the atmospheric correction of CFL data, two models have been applied. The first one (Model 1) is a

simple model, described in [1], assuming a Lambertian surface reflectance and neglecting the adjacency effect:𝐿𝑠 = 𝐿𝑝 + 𝜌 𝑇𝑢𝑝 𝐸𝑔𝜋 (1 − 𝑠 𝜌𝑏 ) = 𝐿𝑝 + 𝜌 𝑇𝑢𝑝 𝐸𝑔 (𝜌𝑏 )𝜋 𝜌 = 𝜋 (< 𝐿𝑠> −< 𝐿𝑝>)< 𝑇𝑢𝑝 𝐸𝑔 𝜌𝑏 >
The second model (Model 2), described in [3], is similar to the previous one but assuming 𝜌𝑏 = 𝜌 and expanding the

geometrical series up to second order:

𝐿𝑠 = 𝐿𝑝 + 𝑇𝑢𝑝 𝐸𝑔 𝜌𝜋 + 𝑇𝑢𝑝 𝐸𝑔 𝑠 𝜌²𝜋 𝜌 = − 𝑇𝑢𝑝 𝐸𝑔 +  𝑇𝑢𝑝 𝐸𝑔 2 − 4 𝑇𝑢𝑝 𝐸𝑔 𝑠 𝜋 (< 𝐿𝑝 > −𝐿𝑠2 𝑇𝑢𝑝 𝐸𝑔 𝑠𝐿𝑠 is the at-sensor radiance, 𝜌 the BOA reflectance, 𝜌𝑏 the background reflectance and 𝐿𝑝 (path radiance), 𝑇𝑢𝑝 (total upward

transmittance),𝐸𝑔 (total ground irradiance) and 𝑠 (atmospheric spherical albedo) are atmospheric transfer functions,

estimated by libRadtran 2.0.2 ([4]) or MODTRAN6 ([5]) Radiative Transfer Codes (RTCs). As libRadtran does not provide

accurate direct atmospheric spherical albedo, it is computed by the interrogation method [6].

Table 2. Input parameters for the simulations and their sources

Solver DISORT libRadtran/MODTRAN

Eo solar irradiance Kurudz 2005 libRadtran/MODTRAN

Atmosphere Midlatitude Summer libRadtran/MODTRAN

Aerosols
Rural (< 2 km)

Tropospheric (> 2 km)
libRadtran/MODTRAN 

AOT550; CWV 0.18; 2 g/cm2 CIMEL sun photometer

(SZA, SAA) (31.8°, 297.1°) Spatio-temporal location

Altitude 0.697 km 1-meter resolution DEM

Hs AGL (Above Ground level) 1.94 km IMU-GPS

Central wavelengths & FWHM adapted to O2A Methodology similar to [7]

Additionally, the inversion of the at-sensor simulated

radiance is performed in order to evaluate the accuracy
of the inversion model, and the sensitivity of the

results to the spectral characterization (central

wavelengths and FWHM) is analysed.

Line-by-line and high resolution (0.1 cm-1 -

MODTRAN and 1 cm-1 - libRadtran) band model results

are compared in both RTCs and the uncertainty sources

of the atmospheric correction are discussed. The inputs

required for the simulations are detailed in Table 2.

3.1 ACCURACY OF THE INVERSION MODEL

•MODTRAN: relative differences < 4% (Model 1) and < 3%
(Model 2). Similar results for Band Model and line-by-line.

• libRadtran: in Band Model, relative differences up to 8%
(Model 1) and 7% (Model 2) in absorption regions.
Significantly reduced in line-by-line.

• Lower relative differences in MODTRAN outside
absorption regions (negligible in MODTRAN Model 2)

• Lower relative differences in Model 2 than in Model 1

3.2 SENSITIVITY TO SPECTRAL CHARACTERIZATION

• Similar results in libRadtran and MODTRAN and in Band
Model and line-by-line.

• Maximum relative differences in O2A region.

• Central wavelengths: 0.01 nm error leads to a relative
difference of 6% in O2A region, decreasing to 3% for 0.005 nm
error and to <1% for 0.001 nm error.

• FWHM: 10% error leads to a relative difference of 10% in O2A
region, decreasing to 4% for 5% error and to <1% for 1% error.

3.3 ATMOSPHERIC CORRECTION OF CFL DATA

• Relative differences up to 20% in O2A region, 10% in WV region and < 5% outside
absorption regions. Are these differences due to all the uncertainties involved?

• Slightly better results in MODTRAN than in libRadtran.

• Similar results in Model 1 and Model 2.

•MODTRAN: similar results in line-by-line and Band model, but slightly better line-by-line
results in O2A broad structure.

• libRadtran: lower relative differences in line-by-line than in Band model in O2A narrow
structures, but higher in O2A broad one.

• The inversion of the simulated radiance (Ls) shows better accuracy for Model 2 than for Model 1, but the atmospheric
correction provides similar results in both models.

• The inversion of Ls provides lower relative differences in MODTRAN than in libRadtran outside absorption regions
(negligible in MODTRAN Model 2) and the atmospheric correction shows slightly better results in MODTRAN.

• MODTRAN provides similar results for Band Model and line-by-line.

• libRadtran line-by-line results improve significantly in absorption regions for the inversion of Ls, but the atmospheric
correction shows only slightly better results in narrow O2A bands.

• Both MODTRAN and libRadtran (Band Model and line-by-line) atmospheric correction results show relative differences
up to 20% in O2A region, 10% in WV region and < 5% outside absorption regions.

• Some of the uncertainty sources have been analysed (accuracy of the inversion model and spectral characterization),
showing an important effect in absorption regions. There are other uncertainty sources affecting the results such as RTC
limitations, potential calibration errors, accuracy of the exoatmospheric solar irradiance and limited knowledge of atmospheric
conditions. Are the relative differences in absorption regions due to all the uncertainties involved?
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INTA acquired in 2019 the high-resolution
Chlorophyll Fluorescence sensor (CFL,

Headwall) to be part of the European scientific

community involved in the retrieval of the solar-

induced chlorophyll fluorescence (SIF) using

remote sensing techniques (see Table 1). The

CFL processing chain ([1]) is being continuously

updated to generate L1 (at-sensor radiance)

and L2 products (ground reflectance and top of

canopy fluorescence).

Table 1. CFL’s characteristics

Spectral range (nm) 670-780

Spectral pixels 2160

Spatial pixels 1600

Spectral sampling (nm) 0.051

FWHM (nm) 0.2

Field Of View, FOV (°) 23.5

Instantaneous FOV (°) 0.015

f number f/2.5

Focal (mm) 25

Signal to Noise Ratio (SNR) 120:1

Digitization (bits) 16

Laura Carretero


